ABSTRACT We successfully applied the phenolphthalin (KastleÐMeyer) test used in forensic chemistry to distinguish between feces from triatomines and other domestic arthropods in sensing devices used for vector surveillance. All black or dark brown, but not white or yellow, fecal smears from laboratory-reared or Þeld-collected Triatoma infestans Klug, Triatoma guasayana Wydgozinsky & Abalos, Triatoma sordida Ståhl (recently revalidated as Triatoma garciabesi Carcavallo, Cichero, Martṍnez, Prosen & Ronderos) tested positive, whereas dejecta from cockroaches and spiders, crickets, beetles, predatory bugs, and domestic ßies tested negative. Black or dark brown dejecta from female Aedes aegypti L. and Cimex lectularius L. bedbugs also tested positive. In sensing devices installed in bedrooms of 11 houses in Amamá, rural northwestern Argentina, where neither cimicid bedbugs nor argasid ticks had been found over the years, only 62% of the black or dark brown fecal smears attributed to triatomines by a skilled observer tested phenolphthalin-positive. After insecticidal spraying, when bedroom areas were not colonized by triatomines, only 33Ð 40% of the black or dark brown fecal smears in sensor boxes attributed to triatomines by another skilled observer tested phenolphthalin-positive. Eleven (79%) of the 14 houses with dubious or nontypical triatomine feces tested phenolphthalin-positive at least once during 1993Ð1995. Our study introduces a low-cost, simple and effective procedure for the identiÞcation of triatomine feces. The test, as a helpful adjunct to sensing devices used in triatomine surveillance, will aid in the accurate detection of infestations and the determination of the need for insecticide application.
EARLY DETECTION OF houses reinfested by triatomine bugs is essential to monitor the effects of control actions and to establish the need for additional treatment. Detecting the presence of triatomines in mudand-thatch houses is a difÞcult task, especially after control actions and when bug population numbers are low. Detection of infested human dwellings usually is carried out with timed manual captures (with or without "ßushing-out" agents) or ßat cardboard boxes holding pleated paper inside, such as the Gó mez-Nú ñ ez (Gó mez-Nú ñ ez 1965) or the Marṍa sensor box (Wisnivesky-Colli et al. 1988) , and sheets of typing paper or calendars (Garcṍa-Zapata et al. 1985, Garcṍa-Zapata and Marsden 1993) . All these devices usually are Þxed to bedroom walls for long periods and detect infestations through indirect signs of bugs (triatomine fecal smears, exuviae, or eggshells) or bugs. The sole Þnding of triatomine feces in sensing devices usually is considered evidence of infestation. Triatomine dejecta are the most frequent sign of infestation recorded by sensing devices regardless of the bug species or location (Schenone et al. 1979 , Pinchin et al. 1981 , Piesman and Sherlock 1984 , Garcṍa-Zapata et al. 1988 , Gü rtler et al. 1995 , De Marco et al. 1999 .
Like most hematophagous arthropods, feces of triatomine bugs are black or dark brown due to undigested heme from previous bloodmeals or creamy white due to spheres of uric acid (Wigglesworth 1931) . Triatomine dejecta voided on vertical surfaces or nonabsorbent paper sheets have a distinctive "dripping candle-wax" shape, size and color which may allow reliable differentiation from other domestic arthropod feces (SchoÞeld et al. 1986 ). However, in practice many dubious cases occur both on paper sheets (Garcṍa-Zapata et al. 1985) and in sensor boxes , because there are other bloodfeeding and omnivorous arthropods inside the human dwelling, and because sensor boxes have many horizontal or inclined surfaces that do not allow feces to streak as in vertical, nonabsorbent paper sheets. Aware of the likelihood of a "false positive" diagnosis of house infestation when only fecal smears were found in Gó mez-Nú ñ ez boxes, Forattini et al. (1969) applied the benzidine (Adler) test to detect heme residues and distinguish between the morphologically similar dejecta voided by cockroaches and triatomines, but quantitative results were not reported. In forensic chemistry, use of the benzidine test has been discontinued, because of its carcinogenic properties. A simple and reliable test to distinguish triatomine from other arthropodsÕ dejecta would allow a valid assessment of actual house infestation, especially during the surveillance phase of control programs.
In rural houses that had been sprayed with deltamethrin in Amamá and neighboring villages (northwestern Argentina), sensor boxes were signiÞcantly more sensitive in detecting domiciliary reinfestations by Triatoma infestans Klug than matched paper sheets, ßushing-out and householdersÕmanual collections in a four-year study . Moreover, triatomine fecal smears in sensor boxes occurred very frequently in the absence of other concurrent or subsequent evidence of triatomine colonization in houses not subject to additional insecticide spraying. This raised the issue of whether the fecal smears attributed to triatomine bugs based on sight examination by skilled observers actually belonged to triatomines. In the current study, Þrst we successfully applied the phenolphthalin (KastleÐMeyer) test, of standard use in forensic chemistry for the identiÞcation of blood, to detect heme residues in the feces of laboratory-reared and Þeld-collected triatomine bugs. The test then was applied to the triatomine-like dejecta diagnosed previously in sensing devices used in Amamá villages (Gü rtler et al. 1995 . Our study introduces a low-cost, simple and effective method for the identiÞcation of triatomine feces that may save unnecessary spraying of negative houses and thereby reduce the costs of insecticide-based control programs.
Materials and Methods
Sensitivity and Specificity. We tested dejecta that had been voided on Þlter paper or plastic bags at a given time before testing, from the following arthropods held in clean glass bottles or plastic bags: (1) laboratory-reared, chicken-fed Triatoma infestans nymphs used in the xenodiagnosis of dogs, 2 yr before testing; (2) (Gü rtler et al. 1995) , and in Amamá and neighboring villages after massive deltamethrin spraying, from 1993 to 1995, when T. infestans was captured occasionally in peridomestic sites and very seldom in bedroom areas (Cecere et al. 1997) . Amamá and neighboring villages are representative of small rural communities in the semiarid Chaco region. Argasid ticks and cimicid bedbugs had never been detected within Amamá houses during periodic searches for triatomine bugs since 1985.
An average of three (range, two to Þve) pairs of sensor boxes (Biosensor, BiocientṍÞca de Avanzada, Buenos Aires) and sheets of pink-typing paper (33 by 22 cm) were applied to bedroom walls to monitor triatomine infestation and compare the sensitivity of both devices before and after spraying with deltamethrin. Methods used for installing and inspecting the sensing devices and collecting triatomines were described by Gü rtler et al. (1995 Gü rtler et al. ( , 1999 . Both types of sensing devices were applied in 46 houses of Amamá in February 1992, inspected for signs of infestation after 30 d, and withdrawn. The number of bugs, exuviae, and eggs in sensor boxes, and fecal smears attributed to triatomines in each of both types of devices was recorded by one skilled observer. Concurrently, two skilled collectors searched for triatomines assisted by application of a dislodging agent (0.2% tethramethrin, Icona, Buenos Aires) during 30 min in bedrooms and 10 min in peridomestic sites of each house (ßushing-out method). Approximately 5 d later, knockdown collections of triatomines were done after application of one fumigant canister (Agufog, Aguvac, Buenos Aires) per bedroom.
After deltamethrin spraying in October 1992, sensor boxes were installed in 87 houses of Amamá and neighboring villages in December 1992, and in 14 houses of Villa Matilde and Pampa Pozo. Every 6 mo another skilled observer judged fecal smears, following the key by SchoÞeld et al. (1986) and in the presence of reference samples of dejecta voided by different arthropods and instars of triatomines. Diagnoses were in most cases agreed upon by other researchers. Each new dejecta was judged as positive (i.e., attributed to triatomines), dubious, or negative, dated, and marked with a different color of ink in each inspection to avoid its inclusion on the following round. Sensing devices were withdrawn in November 1995, put into closed plastic bags, and transported to the laboratory in Buenos Aires for future reference.
Every 12 mo from October 1993 to November 1997, three skilled collectors from the National Chagas Service searched for triatomines in all bedroom and peri-domestic areas using 0.2% tetramethrin. During the 30 min per house, two men searched in bedrooms (1 person-hour) while another man searched in peridomestic sites (0.5 person-hour per house). Additional searches for bugs were carried out at peridomestic sites every May from 1995 to 1997. In May 1993 and thereafter, a labeled self-sealing plastic bag was provided to each household to keep any triatomine that they could capture (in domestic or peridomestic sites). As a further check of triatomine infestation in bedrooms, 30 houses that had triatomine fecal smears in sensor boxes at least once from November 1994 to November 1995 were intensively searched for bugs after applying one to two insecticide fumigant canisters per bedroom or a standard spraying with deltamethrin in November 1995. Bugs were collected 3Ð5 h after treatment. Only sites with T. infestans colonies (i.e., with at least one nymph) were sprayed focally with deltamethrin during surveillance , because the Þnding of triatomine feces in sensing devices appeared to be doubtful evidence of an established domiciliary infestation at that time.
All types of dejecta previously attributed to triatomine bugs based on shape, size, and color in all the sensor boxes from each house were tested. For samples collected in March 1992, we restricted tests mostly to houses having no or very low domiciliary infestation, as determined by ßushing-out and knockdown collection methods. After the massive spray of deltamethrin in October 1992, we Þrst tested all fecal smears from a random sample of 23 houses. We then tested Ϸ60% of the black or dark brown, triatominelike fecal smears from the remainder of the sensor boxes that were recovered in November 1995. Few dejecta were found on paper sheets during 1993Ð1995, and these were not tested.
Laboratory Methods. The phenolphthalin test was selected for heme detection because of its high sensitivity (1:1,000,000 in liquid medium), high speciÞcity in the presence of plant peroxidases, and less toxicity than the benzidine test (Kirk 1953) . The KastleÐ Meyer reagent contains phenolphthalin reduced with zinc in alkaline medium (Schaler 1997) . The peroxidase activity of the heme group decomposes the H 2 O 2 to H 2 O and oxygen. The oxygen then oxidizes the reduced phenolphthalin, which changes its color to fuchsia.
The color and location of each fecal spot was recorded before removal. In the sensitivity and speciÞcity trials, each sample was put into a test tube that contained 1 ml of saline solution and stirred gently with a glass rod. Three drops of 95% ethanol were added, the sample was shaken, and three drops of the KastleÐMeyer reagent added. After 30 Ð 60 s to allow any unspeciÞc oxidation, three drops of hydrogen peroxide were added to stop the reaction. In samples giving a positive result, the color of the solution turned fuchsia almost immediately and faded slowly after 30 s. Negative samples did not have a perceivable change of color.
Trials were carried out to simplify procedures for testing samples in the Þeld. Square pieces (7 by 7 cm) of Þlter paper were folded twice, and one of the corners was pressed onto the fecal spot and then unfolded. The smeared portion of the Þlter paper was wetted successively with one drop of ethanol, the KastleÐMeyer reagent, and hydrogen peroxide. Whenever the dejecta gave a positive reaction, a fuchsia color appeared in a few seconds and the Þlter papers were discarded. When color development was slow or abnormal, or faded very quickly, the sample was regarded as suspicious.
Results
All black or dark brown, but not white or yellow, fecal smears from T. infestans, T. guasayana, and T. garciabesi tested positive (Table 1) . Black, dark brown or red fecal smears aged from 1 wk to 2Ð 4 yr always gave clearly positive reactions. Therefore, the sensitivity of the phenolphthalin test for black or dark brown triatomine dejecta was 100%. All black or dark brown dejecta from female mosquitoes and cimicid bedbugs also tested positive. Conversely, all dejecta from spiders, crickets, beetles, predatory bugs, house ßies, and cockroaches tested negative regardless of the capture site and color of the fecal spot. Before deltamethrin spraying, when the villages were infested heavily, only 62% of all the black or dark brown fecal smears deposited in sensor boxes or paper sheets and attributed to triatomines were phenolphthalin-positive (Table 2) . Yellowish dejecta were consistently negative. The percentage of truly positive black or dark brown dejecta steadily increased from 43% in houses with no T. infestans collected to 90% in houses with dense (Ͼ10 bugs per person-hour) infestations. Four of the Þve houses where no triatomines were captured by ßushing-out and knockdown collection methods in bedrooms had triatomine-like fecal smears that tested positive. All Þve of these houses had abundant T. infestans colonies in close peridomestic structures (storerooms), Ϸ10 Ð30 m away from the bedrooms. During the deltamethrin spraying in October 1992, no triatomines were collected by knockdown in the bedrooms of these Þve houses.
During the surveillance phase, when bedrooms were not colonized by T. infestans or other triatomines (as determined by the joint results of timed manual collections with a ßushing-out agent, householdersÕ and knockdown collections), only 40% of the black or dark brown fecal smears attributed to triatomines tested positive (Table 3 ). The percentage of positive Þeld readings that were later phenolphthalin-positive decreased from 40% when the Þeld diagnosis was positive to 6 Ð 8% when fecal smears were considered dubious or negative. Two dejecta missed during Þeld readings tested positive. A total of 12 (80%) of 15 houses considered infested, as determined by the occurrence of at least one triatomine-like fecal smear in sensing devices from 1993 to 1995, was phenolphthalin-positive. All seven houses with dubious triatominelike fecal smears, which had been considered negative by sensor boxes in Gü rtler et al. (1999) , tested phenolphthalin-positive.
Overall, 1,198 typical or dubious triatomine fecal smears were recorded in sensor boxes from 1993 to 1995. Of 774 black or dark brown smears that were examined, 253 (33%) tested positive. Of 97 houses with sensor boxes and triatomine-like feces examined by the phenolphthalin test, 79 (81%) tested positive at least once. This estimate exceeded the 69% prevalence of domiciliary infestation on the basis of shape and size of feces for the period 1993Ð1995 (calculated from data in Gü rtler et al. 1999) . During this period, 11 (79%) of the 14 houses with dubious or nontypical triatomine feces tested positive at least once.
Discussion
Overall, 100% of black or dark brown triatominelike dejecta from three species of laboratory-reared or Þeld-collected triatomine bugs, mosquitoes, and cimicid bedbugs tested positively by the phenolphthalin test, regardless of the age of feces. All feces from cockroaches, which can be easily confounded with those from triatomine bugs, and from other arthropods tested negative. Therefore, the test very likely will give positive results in dark brown or black fecal smears (having heme residues) from other hematophagous arthropods.
The shape and size of fecal spots from bedbugs or ticks differed from those from triatomine bugs on vertically placed nonabsorbent paper sheets (SchoÞeld et al. 1986 ), but their dejecta may not streak in sensor boxes, which have horizontal or inclined surfaces and absorbent folded paper. In Amamá villages, ticks and cimicid bedbugs were not detected in bedrooms during several years of follow-up, but they may be present at other locations. Whether they might use sensor boxes as a refuge has not been reported. Indoor-resting mosquitoes were sometimes abundant during the warm season, but they were found very rarely within sensor boxes. Cimicid bedbugs might leave black or dark brown fecal spots, which might be difÞcult to distinguish from feces voided by Þrst or second instars of Triatominae, whereas feces from mosquitoes are much smaller. The phenolphthalin test has been (Kirk 1953) , and still is, used for the presumptive identiÞcation of blood in criminal cases, but "The actual probative value of the evidence depends on the circumstances of each case" (Schaler 1997 ). In the current context and usage, the results of the test may be taken as conclusive evidence of triatomine fecal smears. The phenolphthalin test is highly sensitive and more speciÞc for detecting blood residues than other color (catalytic) tests (Kirk 1953) . It is safer than the benzidine test, and simpler and more speciÞc than the luminol test, which requires a dark environment to read the result and might react weakly with plant peroxidases. These tests will not give a positive result with triatomine white or yellow dejecta (which lack heme). Such limitation is not expected to decrease to any signiÞcant extent the detection of house infestation by triatomines because black or dark brown dejecta are the most frequent type found in sensing devices. White or yellow fecal smears are voided during the initial stage of the digestion of the blood meal (Wigglesworth 1931 ), but they usually appear along with black or dark brown dejecta in the sensing devices.
Sight examination of black or dark brown triatomine-like dejecta produced a large fraction of "false positive" diagnoses of feces in sensing devices, even though diagnoses were made by skilled observers who used reference samples of triatomine dejecta and the key originally designed for paper sheets. "False positive" diagnoses of individual black or dark brown fecal smears expectedly increased from 38% (100 Ð 62) before deltamethrin spraying to 60% (100 Ð 40) or 67% (100 Ð33) in 1993Ð1995, when the prevalence of infestation and abundance of T. infestans and T. guasayana was very low. In addition, some dubious feces and others not attributed to triatomines tested phenolphthalin-positive. Clearly, sight examination of dejecta in sensor boxes is an unreliable method to assess domestic triatomine infestations.
During the surveillance phase, most of the domiciliary areas with triatomine-like feces were negative by ßushing-out or knockdown collection methods during 1993Ð1995, and remained negative during additional searches for triatomines during 1996 Ð1997. Several, not necessarily mutually exclusive hypotheses may explain this pattern. First, the lack of domestic bug captures in 28 houses with triatomine-like fecal smears was attributed to the relative insensitivity of the ßushing-out method. However, 22 of such houses yielded no triatomines even after using the sensitive knockdown collection method. Second, feces found in sensor boxes might have been attributed mistakenly to triatomine bugs. Herein we show that only 33Ð 40% of the dejecta attributed to triatomines actually reacted with phenolphthalin and could be attributed to bugs. However, when the data from each house were pooled over 1993Ð1995, most of these houses tested phenolphthalin-positive at least once. Third, the occurrence of triatomine-like feces in the absence of domestic bug captures might have been produced by very low or transient density infestations that became extinct (Cecere et al. 1997) .
A fourth hypothesis suggested that sensing devices might have been monitoring the attempts of domiciliary invasion without successful colonization by peridomestic T. infestans and T. guasayana before and after spraying of residual insecticides (Gü rtler et al. 1995 . The current Þndings also support this hypothesis because before deltamethrin spraying, all houses with triatomine-like feces in sensor boxes and no domiciliary infestation detected by other methods were phenolphthalin-positive and had abundant peridomestic colonies of T. infestans that likely invaded bedrooms; also because after deltamethrin spraying, statistically signiÞcant correlations were found between the annual frequency of triatomine-like fecal smears per house and the house-speciÞc catch of T. infestans or T. guasayana in domestic or peridomestic sites during 1994 Ð1996 ). In the absence of cimicid bedbugs and domiciliary ticks, the triatominelike, phenolphthalin-positive feces in sensor boxes from houses without evidence of colonization can be attributed to triatomine bugs but not precisely to a given species.
The current Þndings have implications at two levels. First, previous studies that accepted triatomine-like fecal smears by sight examination as solid evidence of infestation most likely overestimated the actual prevalence of domiciliary infestation by T. infestans, especially after spraying of pyrethroid insecticides, because other triatomine species might have left feces in bedroom areas and because a signiÞcant fraction of these triatomine-like feces probably were "false positive." The former issue may be quite general, as suggested by reports on house invasion by sylvatic triatomine species in different countries. Second, in the Chaco, T. guasayana and other species within the sordida complex tend to invade domestic areas from sylvatic and peridomestic foci that would not be affected very much by insecticide house spraying. Because these species are not as yet targeted for control, problems remain for the decision of whether or not to spray houses based solely on the Þnding of feces in sensor boxes in this region. In the current long-term study, if the sole Þnding of 1Ð2 triatomine-like dejecta, whether phenolphthalin-positive or not, had been taken as valid evidence of house infestation, unnecessary and recurrent insecticidal sprays would have been done. The frequency of triatomine dejecta elucidated the actual status of domestic infestation ). Extrapolated to a regional scale, unjustiÞed house sprays would increase triatomine control costs signiÞcantly.
The phenolphthalin test may be a helpful adjunct to sensing devices used in triatomine surveillance. It also may be used to test black or dark brown fecal spots on the walls and other surfaces, such as blankets or plastic. The test is 100% sensitive, safe, does not need special equipment, and can be performed after minimal training.
